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WRHQVXUHIDVWUHVSRQVHVWRQHZRSSRUWXQLWLHVZHHQDEOHDJHQWV WRPDNHXVHRIREVHUYDWLRQV
IURPRWKHUDJHQWVZLWQHVVHV
+RZHYHUWHVWLPRQLDOHYLGHQFHIURPVXFKZLWQHVVHVPD\EHEULWWOHDVZLWQHVVHVPD\KDYH
GLIIHULQJPRWLYHVDQGPD\WU\WRGHFHLYHRWKHUDJHQWVDERXWWKHLUWUXHREVHUYDWLRQV2XUVROX
WLRQLVEDVHGRQDVWRFKDVWLFSURFHVV)RULWVHYDOXDWLRQZHFKRVHDJDPHWKHRUHWLFDEVWUDFWLRQ
RIFRQWUDFWLQJEHWZHHQDJHQWV7KHVHWWLQJFRQVLVWVRIDQXPEHURISKDVHVZKLFKZHFRQVLGHU
DOVR QDWXUDO IRU FRQWUDFWLQJ 7KH LQWHUDFWLRQ RI DJHQWV LPSURYHV LI WKH\ XVH FRPPXQLFDWLRQ
DERXWREVHUYDWLRQVDQGDSSO\WKHWUXVWPRGHOWRHYDOXDWLQJQHZFRQWUDFWSDUWQHUV:HGHPRQ
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ZKLFK\LHOGHGDGLUHFWWUXVWYDOXH7   $% 
DQGWKDWLWDOVRKDVDPRGHORIKRZKRQHVW:LVGXHWR:·VSUHYLRXVEHKDYLRXU7   $: 
,QZKLFKZD\VKRXOG7:% EHWDNHQLQWRDFFRXQWZKHQLW LVUHFHLYHGE\$JLYHQWKDWWKH
REVHUYDWLRQVRQZKLFK7:%DQG7   $%DUHEDVHGPLJKWRYHUODSDQGJLYHQWKDW:PD\KDYH
OLHGDERXWWKHUHDOYDOXHRI7:%"
      B lies
B tells the truth
      B lies
      B lies
      B lies
      B lies
B tells the truth
B tells the truth
W
T(W,B)=.5
A
  rB=.375
T(A,W)=.25
W  tells the truth
      W lies
      W lies
      W lies
T d(A,B)=1
T(A,B)=?
)LJXUH7UDQVLWLYHWUXVWHVWLPDWLRQ
7KH UHDGHU LV HQFRXUDJHG WR WU\ DQ\ UHDVRQDEO\ VLPSOH FRPELQDWLRQ RI ZHLJKWFRPELQLQJ
IXQFWLRQVVXFKDVPD[PLQDQGDULWKPHWLFRSHUDWLRQVWRFRPSXWH7$%IURP7$:7:
%DQG7   $%:HDUHTXLWHFRQILGHQWWRVD\WKDWQRVXFKIXQFWLRQZLOO\LHOGVDWLVIDFWRU\UHVXOWV
EHFDXVHDVPHQWLRQHGLQFKDQJLQJDQGFRPELQLQJORFDOZHLJKWVLQVXFKDFDXVDOV\VWHPFDQ
QRW FDSWXUH DOO WKH FRUUHODWLRQV WKDW OHDG WR WKH EHKDYLRXU RI WKH YDULDEOHV ,Q 6HFWLRQ  ZH
GHVFULEHRXUVROXWLRQWRWKHVHSUREOHPVEDVHGRQWKHDQDO\VLVRIÅO\LQJ´DVDVWRFKDVWLFSURFHVVD
WHFKQLTXHZKLFKZHYLHZDVDQDGHTXDWHZD\RILPSOLFLWO\UHFRQVWUXFWLQJZLWQHVVREVHUYDWLRQVLQ
RUGHUWRDOOHYLDWHWKHSUREOHPRIÅFRUUHODWHGHYLGHQFH´
 7KHH[SHULPHQWDOHQYLURQPHQW
 'LVFORVHG3ULVRQHU·V'LOHPPDZLWK3DUWQHU6HOHFWLRQ
,QRUGHU WRHYDOXDWHRXUFRQFHSWRI WUXVWZHFKRVHDQH[WHQVLRQRI WKHSULVRQHU·VGLOHPPD
JDPHHQKDQFHGZLWKDSDUWQHU VHOHFWLRQSKDVH 6FKLOOR DQG)XQN$JHQWVGRQRW DSULRUL
NQRZDERXWWKHVRFLDODWWLWXGHRISRWHQWLDOSDUWQHUVEXWWKH\FDQOHDUQIURPH[SHULHQFHDQGRE
VHUYDWLRQ:HPRGHOHJRLVWLFDQGDOWUXLVWLFSHUVRQDOLW\SURILOHVEXWZHSURYLGHWKHPZLWKDIX]]\
IDFWRU HDFK DJHQW SOD\V DFFRUGLQJ WR LWV VRFLDO DWWLWXGHZLWK D JLYHQ SUREDELOLW\ ,VRODWLRQ IURP
IXWXUHJDPHVFDQEHDSXQLVKLQJUHVXOWIURPFRQVWDQWO\SOD\LQJGHIHFW6LQFHZHIRFXVKHUHRQ
WKH WUXVWPRGHO XVHG WR ILQGLQJ SDUWQHUV DQG HYDOXDWLQJ REVHUYDWLRQV IURP WKH JDPHZH XVH D
VWDQGDUGSD\RIIPDWUL[DQGGRQRWJRLQWRGHWDLODERXWWKHJDPHLWVHOI'XHWRVSDFHOLPLWDWLRQV
ZHZRXOGOLNHWRUHIHUUHDGHUVXQIDPLOLDUZLWKSULVRQHU
VGLOHPPDJDPHVWRWKHOLWHUDWXUH$[HOURG
/XFHDQG5DLIID
7KHGLVFORVHGSULVRQHU·VGLOHPPDZLWKSDUWQHUVHOHFWLRQFDQEULHIO\EHGHVFULEHGLQVWHSV
 (DFKSOD\HUSD\VDVWDNH
 3DLUVSOD\HUVDUHGHWHUPLQHGE\QHJRWLDWLRQDQGDJHQWVFDQGHFHLYHRWKHUVDERXWWKHLULQ
WHQWLRQV
 7KHJDPHLVSOD\HG
 7KHUHVXOWVDUHSXEOLVKHG'XHWROLPLWHGSHUFHSWLRQHDFKDJHQWJHWVRQO\WKHUHVXOWVRID
VXEVHWRIDOOSOD\HUV
 7KHSUL]HVDUHSDLG
7KHILUVWVWHSVKRXOGEHFOHDUDJHQWVGLVSRVHRIDOLPLWHGDPRXQWRISRLQWVLIDQDJHQWORVHVDOO
LWVSRLQWVLWKDVWRUHWLUHIURPWKHJDPH
)RU WKH VHFRQG VWHSZH LQWURGXFHDFRQWUDFWQHWOLNHSURWRFRO7KHSURWRFRO LV H[HFXWHGXQWLO
HDFKSOD\HUKDGWKHFKDQFHWRILQGDSDUWQHU)RUHDFKQHZURXQGWKHDJHQWVDUHVRUWHGE\UDQ
GRPWRJXDUDQWHHHTXDOFKDQFHVWRDOOSOD\HUV7KHILUVWDJHQWLQWKLVOLVWLVHOHFWHGPDQDJHU7KH
PDQDJHU DQQRXQFHV LWV LQWHQWLRQ IRU D JDPH RI SULVRQHU·V GLOHPPD $OO RWKHU DJHQWV DQVZHU
ZKHWKHUWKH\ZDQW WRSOD\ZLWKKLPDQGZKDW WKHLU LQWHQWLRQZRXOGEH7KHPDQDJHU WKHQPD\
FKRRVHDPRQJWKHPKLVSDUWQHUIRUWKHJDPH,IKHKDVOLPLWHGNQRZOHGJHDERXWWKHVRFLDODWWL
WXGHV RI WKH ELGGHUV KH FDQPDNH HQTXLULHV DERXW WKHP &RPPXQLFDWLRQ GXULQJ WKLV SKDVH LV
VWULFWO\UHVWULFWHGLQWKHIROORZLQJPDQQHUWKHPDQDJHUDVNVDQDJHQW4WKHFRQWHQWVLVWKHQDPH
RIDELGGHU64
VDQVZHULQWXUQLVDOLVWRIREVHUYDWLRQVWKDW4KDVPDGHZLWK64GRHVQRWKDYH
WREHKRQHVWLQWKLVFRPPXQLFDWLRQ7KHUHIRUHWKHPDQDJHUHYDOXDWHVWKHLQIRUPDWLRQJDWKHUHGE\
WKHVHVKRUW LQWHUYLHZV,IKHKDVFKRVHQDJDPHSDUWQHUZHDOORZWKLVDJHQW WRFRPPXQLFDWH LQ
WKHVDPHIDVKLRQ7KLVZD\WKHELGGHUVDUHQRWGLVDGYDQWDJHGE\QRWKDYLQJEHHQDPDQDJHU LQ
WKLVURXQG
,QWKHWKLUGVWHSWKHDJHQWVSOD\WKHJDPH7KLVLVDFRQYHQWLRQDOJDPHRISULVRQHU·VGLOHPPD
7KHDJHQWVGRQRWKDYHWRSOD\DFFRUGLQJWRWKHLUDQQRXQFHPHQWVLQSKDVHWZR
7KHUHVXOWVRIWKHJDPHVDUHSXEOLVKHGLQVWHSHQDEOLQJDJHQWVWRREVHUYHRWKHU
VEHKDYLRXU
LQWHUPVRIIUDQNQHVVUHOLDELOLW\DQGWUXVWZRUWKLQHVV(DFKDJHQWLVRQO\WROGWKHUHVXOWVRIDJHQWV
LQLWVGLUHFWQHLJKERXUKRRG:LWKWKLV LQIRUPDWLRQWKHDJHQWFDQWKHQXSGDWHDQGFDOLEUDWHWKHLU
7UXVW1HWVLQRUGHUWRXVHLWIRUWKHQH[WSDUWQHUVHOHFWLRQ
,QWKHILQDOSKDVHVWHSWKHDJHQWUHFHLYHWKHLUSUL]HVIRUWKHLUPRYHV
,IDQDJHQWLVQRWWUXVWZRUWK\LQWHUPVRIVWLFNLQJWRLWVDQQRXQFHGPRYHDJHQWVLQDGHILQHG
QHLJKERXUKRRGQRWLFHWKLV7KHUHIRUH LWFDQDQGZLOOKDSSHQ WKDWDJHQWVPD\DW ILUVWJDLQ IURP
DEXVLQJWKHLJQRUDQWPHPEHUVRIDQDJHQWVRFLHW\,QRXUH[SHULPHQWVZHZLOOGHPRQVWUDWHWKDW
DIWHU D QXPEHU RI URXQGV VXFK DJHQWV DUH H[FOXGHG IURP SOD\LQJ EHFDXVH WKH\ DUH QR ORQJHU
WUXVWHG
 $JHQW3URILOHV
7KHGHVFULEHGVHWWLQJDOORZVIRUPRGHOOLQJDUDQJHRIDJHQWEHKDYLRXUV7KLVLQFOXGHVWKHWUD
GLWLRQDO´EHQHYROHQWDJHQWµE\XVLQJ WKHFRQILJXUDWLRQ IRUERWKDOWUXLVPDQGKRQHVW\DQGD
PDOLFLRXVDJHQWZLWKYDOXHIRUERWKYDULDEOHV
 3UDFWLFDO5HOHYDQFH
,QWKLVVHFWLRQZHVKRZWKHFRQQHFWLRQEHWZHHQWKHGHVFULEHGVHWWLQJDQGUHDOZRUOGDSSOLFD
WLRQVZHUHWUXVWDQGILQGLQJRXWZKRPWRWUXVWLVDQHVVHQWLDOJRDO:HFKRVHWKHHOHFWURQLFFRPPHUFH
DSSOLFDWLRQWRGHPRQVWUDWHWKLV
,QHOHFWURQLFFRPPHUFHDVZHOODVLQRXUVFHQDULRDJHQWVHQFRXQWHURWKHUDJHQWVZKLOHLQWHU
DFWLQJDXWRQRPRXVO\LQRUGHUPD[LPLVHWKHLUSHUIRUPDQFH7KH\PD\DFKLHYHWKLVE\FRRSHUDWLQJ
ZLWKWKHLUFRQWUDFWSDUWQHUVLQWKHORQJUXQRUWU\WRPDNH´IDVWFDVKµDQGH[SORLWRWKHUV$GGL
WLRQDOO\DJHQWVFDQRIIHUFRQWUDFWVDQQRXQFHLQWHQWLRQVWKDWWKH\ZLOOQRWH[KLELWDWFRPPLWPHQW
WLPH (OHFWURQLF FRPPHUFH LV XQERXQG E\ QDWLRQDO IURQWLHUV DQG WKHUHIRUH IUHH IURP QDWLRQDO
DXWKRULWLHV ,Q WUDGLWLRQDO WUDGLQJKRZHYHU WKHVHDXWKRULWLHVJXDUDQWHHG WKH IXOILOPHQWRI DJUHH
PHQWV RU SXQLVKPHQW E\ WKHLU SRZHU 7KLV PHDQV RI VWDELOLW\ LV QRW DYDLODEOH LQ HOHFWURQLF
FRPPHUFHDQGIRUPDQ\EXVLQHVVSDUWQHUVLWZLOOQRWEHIRUVRPHWLPH,QRXUVHWWLQJWKHDJHQWV
ZLOOQRWEHSXQLVKHG LI WKH\GHFHLYH WKHLUJDPHSDUWQHUVEXWZHHQDEOH WKHP WR WUDFNYHU\ IDVW
ZKLFKDJHQWLVEHKDYLQJLQDGHFHLWIXOZD\VRWKDWWKH\SHUIRUPVWLOOYHU\ZHOO7RPRGHOWKHFRQ
IOLFW EHWZHHQ EHKDYLQJ FRRSHUDWLYH RU GHFHLWIXO DQG WKH UHVSHFWLYH RXWFRPHV ZH XVH WKH
SULVRQHU·V GLOHPPDZLWK WKH DGGLWLRQ WKDW DJHQWVQHHG WRSD\EHIRUH WKH\ DUH DOORZHG WR MRLQ D
URXQGRIWKHJDPH7KLVUHVXOWVLQDORVVRIVFRUHLIWKH\GRQRWILQGVRPHRQHWKDWZLOOMRLQWKHP
LQDJDPH7KXVWKHUHLVDQLQGLUHFWSXQLVKPHQWWRPDOLFLRXVEHKDYLRXUZKLFKFDQEHGHVFULEHG
DVYLUWXDOSHHUSUHVVXUH
7KHLGHDRIWKHSHHUSUHVVXUHLVEDVHGRQWKHQDWXUDODVVXPSWLRQWKDWWKHUHLVVRPHFRPPXQL
FDWLRQLQWKHZRUOGDERXWWKHSOD\HUVLQWKHPDUNHWHJSUHVVSHUVRQDOFRPPXQLFDWLRQHWF$JDLQ
WKLV FRPPXQLFDWLRQ LV LQ ERWK VHWWLQJV QRW FRPSOHWHO\ REMHFWLYH WR DYRLG WKH DPELJXRXV WHUP
WUXVW,QRXUH[SHULPHQWVDJHQWVZLOOWRVRPHH[WHQGEH O\LQJ$VWKH\GRQRWZDQWWREHIRXQG
PDNLQJXSIDOVHGDWDWKH\ZLOOWU\WRELDVWKHLQIRUPDWLRQWKH\FRPPXQLFDWH7KLVFDQEHDFKLHYHG
E\ OHDYLQJRXW WKHGDWD WKH\KDYHREVHUYHG WKDWGRHVQRW VXLW WKHLU LQWHQWLRQV:H DVVXPH WKDW
WKH\DUHPRWLYDWHGWRPDNHWKHLUFRPSHWLWRUVORRNQRWWUXVWZRUWK\DQGQRWVXLWHGIRUJDPHVZLWK
KLJKSD\RIILQRUGHUWRGLVFRXUDJHSOD\HUVWRFKRRVHRWKHUDJHQWVWKDQWKHPVHOYHV
(OHFWURQLFFRPPHUFHDQGRXUVHWWLQJKDYHPDQ\IHDWXUHVLQFRPPRQDQGWKH\DUHDGDQJHU
RXVSODFHIRUDJHQWVUHO\LQJRQEHQHYROHQWFRQWUDFWRUV$JHQWVZKLFKVXFFHHGLQRXUVHWWLQJZLOO
EHLQWHUHVWLQJWRLQYHVWLJDWHZKHQORRNLQJDWWKHUHDOZRUOGDSSOLFDWLRQ$GGLWLRQDOO\ZHFXUUHQWO\
HQYLVLRQWZRRWKHUDSSOLFDWLRQVRIWKHSURSRVHGPHFKDQLVP:HEHOLHYHWKDWLQWKHIXWXUHPHFKD
QLVPOLNHÅ&RRNLHV´ZLOOEHRIPRUHLPSRUWDQFHLQWKH,QWHUQHWZRUOG7KHGHPRQVWUDWHGVROXWLRQ
ZLOOEHDQHDV\WR LPSOHPHQWZD\WRILQGRXWVD\ZKLFKZHEVLWH\RXFDQ WUXVW WRQRWDEXVH WKH
LQIRUPDWLRQRIWKH&RRNLHVHWRQ\RXUPDFKLQHHJIRUXVLQJSHUVRQDOGDWD0RUHVHULRXVLVD
VLPLODU DSSOLFDWLRQZKHUH RXU DSSURDFK LV MXVW DV DSSOLFDEOH WKH SUREOHP RI GLIIHUHQWLDWLQJ EH
WZHHQ IULHQGO\ DQGPDOLFLRXV KRVWV RUPLJUDWLQJ SURJUDPV HJ %HWK HW DO  6DQGHU DQG
7VFKXGLQ
 7KH7UXVW1HW,PSOHPHQWDWLRQ
,QWKHGHVFULEHGVHWWLQJDJHQWVZLOOQDWXUDOO\DLPDWFROOHFWLQJDVPXFKGDWDRQRWKHUDJHQWVDV
TXLFNO\DVSRVVLEOH$QDJHQWLVDZDUHRIWKHIDFWWKDWRWKHUDJHQWVPD\KDYHDUDQJHRIGLIIHUHQW
EHKDYLRXUVRIZKLFKRQO\DIHZZLOOEHGHVLUDEOHWRH[SHULHQFHLQDJDPHRISULVRQHU·VGLOHPPD
$VDFRQVHTXHQFHFRXQWLQJRQREVHUYDWLRQVPDGHE\WKHDJHQWVGRQRWVXIILFH7KXVWKHREVHU
YDWLRQVRIRWKHUDJHQWV ZLWQHVVHVPD\EHXVHG+RZHYHU WKHVHZLWQHVVHVPD\ WU\ WRGHFHLYHE\
FRPPXQLFDWLQJIDOVHLQIRUPDWLRQ
 6HPDQWLFVRIWKH7UXVW1HW
'XULQJWKHJDPHDQDJHQWKDVWKHFKDQFHWRFROOHFWGDWDRIWZRW\SHVWKHKRQHVW\ZLWKZKLFK
DSOD\HUDQQRXQFHVZKDW LWZLOOFRPPLW LWVHOI WRDQG WKHZD\ LWFKRRVHV LWVRSWLRQVDOWUXLVWLFRU
HJRLVWLF(DFKDJHQWVWRUHVWKLVGDWDLQDJUDSKZKHUHWKHQRGHVUHSUHVHQWDJHQWV)LJXUH LVDQ
H[DPSOHRIDVLPSOHJUDSKZLWKRQO\IRXUQRGHV0RUHQRGHVFDQRQO\EHDGGHGZKHQDGGLQJDQ
HGJHIURPDQH[LVWLQJQRGHWRLW
7KHQRGHVDUHDQQRWDWHGZLWK WZRYDOXHV WKH WUXVWZKLFK WKHDJHQWFDQSXW LQWR WKHDJHQW
UHSUHVHQWHGE\WKHQRGHDQGWKHDOWUXLVPWKDWFDQEHH[SHFWHGIURPLW7KHHGJHVFDUU\LQIRUPD
WLRQRQWKHREVHUYDWLRQVWKDWWKHSDUHQWQRGHDJHQWWROGWKHRZQHURIWKHQHWDERXWWKHWKHFKLOG
QRGHDJHQW7KLVGDWDFRPSULVHVZKLFK URXQGZDVREVHUYHGDQGZKLFKEHKDYLRXURI WKH WDUJHW
DJHQWZDVREVHUYHGLQWHUPVRIKRQHVW\DQGDOWUXLVP7KHRZQHURIWKHQHWLVUHSUHVHQWHGLQHYHU\
QHWDVWKHURRWQRGHQRGH$LQ)LJXUH$OORWKHUQRGHVDUHGHVFHQGDQWVIURPWKHURRWQRGHDV
WKLVLVWKHQRGHWKDWLVWKHVRXUFHRIDOOLQIRUPDWLRQ,WVRXWJRLQJHGJHVUHVHPEOHWKHREVHUYDWLRQV
LWPDGH7KHRWKHUHGJHVFRQVWLWXWHLQIRUPDWLRQWKDWKDVUHDFKHGWKHRZQHUYLDFRPPXQLFDWLRQ
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AltruismW1
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)LJXUH$VLPSOH7UXVW1HW
 0HUJLQJ,QIRUPDWLRQIURP0XOWLSOH7HVWLPRQLHV
7KHUH DUH WZR SRVVLEOH ZD\V RI FROOHFWLQJ LQIRUPDWLRQ RQ RWKHU SOD\HUV )LUVW RI DOO HYHU\
DJHQWKDVWKHFKDQFHWRREVHUYHDQXPEHURISOD\HUVGLUHFWO\7KHVPDUWDJHQWZLOOXVHDVHFRQG
RSWLRQ LQWHUYLHZRWKHUDJHQWV,QWKHVHFRQGSKDVHRIWKHGHVFULEHGJDPHSURWRFROHYHU\DJHQW
FKRRVHVDQRWKHUDJHQWWRSOD\ZLWK+HFDQVHOHFWDSDUWQHUIURPDQXPEHURIDJHQWVZKLFKRIIHU
WRSOD\ZLWKKLP,IWKHDJHQWGRHVQRWKDYHHQRXJKLQIRUPDWLRQDERXWWKHPKHFDQUHTXHVWLQ
IRUPDWLRQIURPDOODJHQWVWKDWKHKDVPHWEHIRUH
(YDOXDWLQJ WKH LQIRUPDWLRQ WKDW DGHFLVLRQPDNHUREVHUYHGE\ LWVHOI LV UDWKHU HDV\ ,I LW RE
VHUYHGQJDPHVRIDQRWKHUDJHQWZHZLOOQRZFDOOWKLVDJHQWWKHWDUJHWDJHQWDQGWKHWDUJHWDJHQW
EHKDYHGKRQHVWLQHJDPHVWKHQDWXUDODSSUR[LPDWLRQRIWKHEHKDYLRXUZRXOGEHWKDWWKHWDUJHW
DJHQWZLOOEHKRQHVWLQWKHQH[WJDPHZLWKSUREDELOLW\

S = en %XWKRZFDQWKHGHFLVLRQPDNHU
FRPELQHLQIRUPDWLRQRIDZLWQHVVZLWKWKHQHFHVVDU\ZHLJKWRIWKHWUXVWLQWKHZLWQHVV"$QGHYHQ
PRUH FRPSOLFDWHGKRZFDQ WKHGHFLVLRQPDNHU FRPELQH WKH LQIRUPDWLRQJDWKHUHGE\P DJHQWV
DQGWKHLUFRUUHVSRQGLQJPWUXVWYDOXHV"$VZHDUJXHGLQ6HFWLRQZHFDQQRWVLPSO\DYHUDJHRYHU
WKHZHLJKWV:HZLOOQRZLQWURGXFHDQDOJRULWKPIRUFRPELQLQJZLWQHVVGDWDWKDWHOLPLQDWHVWKHVH
SUREDELOLVWLFREMHFWLRQVDQGKDVVHYHUDODGYDQWDJHV:HZLOOORRNRQWRWKHSUREOHPIURPWKHSHU
VSHFWLYHRIDQDJHQWGHFLVLRQPDNHUWKDWKDVWRILQGRXWZLWKZKLFKDJHQWWRSOD\WDUJHWDJHQW7KH
GHFLVLRQPDNHUDVNVRWKHUDJHQWVZLWQHVVHVWKDWKDYHREVHUYHGWKHEHKDYLRXURIWKHWDUJHWDJHQW
7KHVHZLWQHVVHVPD\KDYHRQO\SDUWLDO LQIRUPDWLRQRQ WKH WDUJHW DJHQWEXWRXUDOJRULWKPGHDOV
ZLWKWKLVE\FRPELQLQJPDQ\VHWVRISDUWLDOGDWDOLNHDMLJVDZSX]]OHWRDSSUR[LPDWHWKHELJSLF
WXUH$GGLWLRQDOO\WKHDOJRULWKPGHDOVZLWKRYHUODSSLQJGDWDVHWV$OVRWKHGHFLVLRQPDNHUKDVWR
GHDOZLWK WKHIDFW WKDW WKHZLWQHVVHVPD\KDYH WKH LQWHQWLRQ WR OLH DERXW WKHLUREVHUYDWLRQVDQG
KLGHVRPHLQIRUPDWLRQ7KHSURSRVHGDOJRULWKPGHDOVZLWKWKLVE\HVWLPDWLQJKRZRIWHQWKHZLW
QHVVHVOLHG
%HIRUHZHSUHVHQWKRZWKLVHVWLPDWLRQLVHYDOXDWHGZHZLOOKDYHWRGHILQHO\LQJLQWKLVFRQWH[W
)LUVWRIDOOZKDWFRXOGEHWKHPRWLYDWLRQIRUDZLWQHVVWROLH"$Q\DJHQWZLOOZDQWWREHWKHRQH
ZKRSOD\VZLWKDQDJHQWRIKLJKO\DOWUXLVWLFEHKDYLRXU7KHUHDUH WZRZD\VRI LQIOXHQFLQJRWKHU
DJHQWVLQWKHSURSRVHGJDPH)LUVWHYHU\DJHQWFDQWU\WRPDNHRWKHUDJHQWVDSSHDUOHVVDOWUXLVWLF
ZKHQEHLQJDVNHGIRUWHVWLPRQ\RQWKHP7KHGHFLVLRQPDNHUZLOOWKHQKDYHDVPDOOHUWHQGHQF\
WRSOD\ZLWKWKHPDQGFKDQFHVDUHJHWWLQJEHWWHUWKDWKHPD\LQVWHDGSOD\ZLWKWKHZLWQHVV6HFRQG
LW FDQPDNH ORRN RWKHU DJHQWV OHVV WUXVWZRUWK\ VR WKDW WKH GHFLVLRQPDNHUZLOO WHQGPRUH DQG
PRUHWRDVNLWDQGQRWRWKHUVDERXWWHVWLPRQLHVLQFUHDVLQJLW·VSRZHU
7KHUHIRUHZHILQGLWUHDVRQDEOHWRDVVXPHWKDWWKHUHLVDPRWLYDWLRQWROLH LQWKHVHQVHWKDW
O\LQJDERXWYDOXHVRIDQDJHQWFRQVLVWVRIKLGLQJDIDFWWKDWZRXOGPDNHWKHWDUJHWDJHQWORRNHL
WKHUDOWUXLVWLFRUKRQHVW
:HGHQRWHLQIRUPDWLRQRQWKHEHKDYLRXURIDQDJHQWLQDVLQJOHJDPHZLWKHLILWZDVKRQHVW
RUDLILWZDVDOWUXLVWLFDQGQLILWZDVQRWKRQHVWWKHVDPHIRUDOWUXLVP,QWKHIROORZLQJZHZLOO
RQO\ORRNDWWKHFDOFXODWLRQVRQWKHKRQHVW\GDWDDQGFRPHWRWKHFDOFXODWLRQVRQWKHDOWUXLVPGDWD
ODWHU7KHVWDWHPHQWRIDZLWQHVVRQWKHEHKDYLRXURIDWDUJHWDJHQWLVε LILWGRHVQRWKDYHLQIRU
PDWLRQ RU FODLPV WR KDYH QR LQIRUPDWLRQ 7KH YDULDEOH S GHQRWHV WKH IUHTXHQF\ RI O\LQJ
$FFRUGLQJWRWKLVO\LQJLVDIXQFWLRQ

'HILQLWLRQ  Lying : e{ }→ e, ε{ }
                                 x D
e
ε
with probability p  
  with probability 1 - p
   
6RZHH[SHFWZLWQHVVHVWREHKDYHLQWKHIROORZLQJZD\:KHQDQDJHQWUHTXHVWVLQIRUPDWLRQ
RQDJLYHQWDUJHWDJHQWLWFKHFNVLWVRZQREVHUYDWLRQV,WWUDQVPLWVDOOWKHGDWDRQGLVKRQHVWDQG
HJRLVWLF QRQDOWUXLVWLFEHKDYLRXU ,W WKHQ ORRNVXS DOO GDWDRQKRQHVWEHKDYLRXU ,W DSSOLHV WKH
/\LQJIXQFWLRQWRHYHU\LWHPDQGWUDQVPLWVRQO\WKRVHZKHUHWKHUHVXOWRIWKHIXQFWLRQLVH7KXVD
ZLWQHVVZLOOQHJOHFWLQIRUPDWLRQEXWQRWWHOOVRPHWKLQJWKDWLVQRWWKHWUXWK,WZLOOQRWVD\WKDWD
WDUJHWDJHQWKDVSOD\HGGLVKRQHVWLQJDPH[LIWKLVZDVQRWWKHFDVH7KHUHDVRQIRUWKLVLVWKDWWKH
ZLWQHVVGRHVQRWZDQWWREHREVHUYHGDWREYLRXVO\O\LQJ7KHDJHQWWKDWUHTXHVWVWKHLQIRUPDWLRQ
PD\KDYHREVHUYHGJDPH[E\ LWVHOI$Q DOWHUQDWLYH LV WR LQIOXHQFH WKH MXGJHPHQW RI RWKHUV E\
SURYLGLQJELDVHGLQIRUPDWLRQ7KLVIXQFWLRQLVWRVRPHH[WHQGQRWLQWXLWLYHWRZKDWKXPDQVXQ
GHUVWDQGE\O\LQJ7KHUHDVRQIRUVWLOOXVLQJWKLVWHUPLVWKDWZHEHOLHYHWKDWWKHVDPHPHFKDQLVP
FDQEHXVHG IRUPRUHFRPSOH[ VWUDWHJLHV LQ O\LQJDQG WKDW LW FRYHUVPDQ\RI WKH LQWHQWLRQV H[
SHFWHG E\ DJHQWV LQ VHWWLQJV OLNH HOHFWURQLF FRPPHUFH:HZLOO ORRN DW RWKHU O\LQJ VWUDWHJLHV LQ
XSFRPLQJUHVHDUFK
0DWKHPDWLFDOO\VSHDNLQJZKDWKDSSHQVZKHQWKLVIXQFWLRQLVDSSOLHGLVD%HUQRXOOLH[SHULPHQW,W
LV OLNHWRVVLQJDFRLQWKDWZLOOVKRZKHDGVZLWKSUREDELOLW\S ,Q WKLVFDVH VKRZLQJKHDGVFRUUH
VSRQGVZLWKWHOOLQJDERXWWKHGDWDLWHPWDLOVLVQRWWHOOLQJDERXWLW5HSHDWLQJWKLVH[SHULPHQWLVD
%HUQRXOOLFKDLQ7KHWUDGLWLRQDOXVHRID%HUQRXOOLFKDLQLVWRGHWHUPLQHWKHQXPEHURIKHDGVRUWDLOV
WKDWZLOO VKRZ RQ WRVVLQJ D FRLQ Q WLPHV:HZLOO GR VRPHWKLQJ GLIIHUHQW $IWHU D ZLWQHVV KDV
FRPPXQLFDWHGVRPHGDWDZHNQRZKRZPDQ\WLPHVWKHO\LQJIXQFWLRQKDVUHWXUQHGHEXWZHGR
QRWNQRZKRZPDQ\ WLPHV LW UHWXUQHG ε 2U LQRWKHUZRUGVZHNQRZ WKHQXPEHURIKRQHVW
UHSOLHVZKLFKZHDOVRGHQRWHZLWKHEXWZHGRQRWNQRZWKHWRWDOQXPEHURI%HUQRXOOLH[SHUL
PHQWVQ$QH[DPSOHRIVXFKDVLWXDWLRQLVJLYHQLQ)LJXUH7KHILUVWWZRURZVRIGDWDUHSUHVHQW
WKH LQIRUPDWLRQIURPWZRZLWQHVVHV$V WKH LQIRUPDWLRQIURPWKHZLWQHVVHVFRPSULVHV DOVR WKH
JDPHQXPEHUWKHLQIRUPDWLRQFDQEHFROODWHGWRDUHVXOWWXSOHZKLFKHOLPLQDWHVWKHSUREOHPWKDW
WKHGDWDIURPWKHWZRZLWQHVVHVPLJKWEHRYHUODSSLQJVHH6HFWLRQ
7KHGHFLVLRQPDNHUFDQDVVXPHWKDWWKLVGDWDLVFRUUHFWDVLWDVVXPHVWKDWWKHDJHQWVGRQRW
ZDQW WREHFDXJKWREYLRXVO\ O\LQJ%XWKRZFDQ LW ILQGRXW LI WKHZLWQHVVHVKDYHELDVHG WKH UH
SRUWHGGDWDRQJDPHUHVXOWV"$QGLIVRKRZPXFKLQIRUPDWLRQKDVEHHQKLGGHQE\WKHP":HZLOO
QRZH[SODLQKRZH[DFWO\ZHHVWLPDWHWKHKLGGHQDPRXQWRILQIRUPDWLRQMXGJLQJIURPWKHWUXVWRI
WKHGHFLVLRQPDNHULQWRWKHZLWQHVVHV$VVRRQDVZHKDYHHVWDEOLVKHGWKLVGDWDFDQEHFROODWHG
DQGHYDOXDWHG IRU DQ\QXPEHURIZLWQHVVHVRQ WDUJHW DJHQWVRUGLIIHUHQW OHQJWKRISDWKV LQ WKH
7UXVW1HW,WFDQEHXVHGE\DSSO\LQJWKHHYDOXDWLRQUHFXUVLYHO\IURPWKHWDUJHWDJHQWWKURXJKDOO
LWVDQFHVWRUVXSWRWKHURRWQRGHZKRVHKRQHVW\FDQEHUHJDUGHGDVEHLQJ

Dat a o n  game res u l ts Lies
Wi t ness 1 ¦ ¦ X X X X ?
Wi t ness 2 ¦ ¦ X X X ?
Resu l t ¦ ¦ ¦ X X X X X X ?
)LJXUH([DPSOHIRUWKHUHSRUWHGGDWDRIWZRZLWQHVVHV
:HXVHWKHIROORZLQJYDULDEOHV
QLVWKHDPRXQWRILQIRUPDWLRQWKHZLWQHVVKDVRQDWDUJHWDJHQW
N LVWKHHVWLPDWLRQRIWKHQXPEHURIWLPHVWKHUHVXOWRI  WKH O\LQJ IXQFWLRQZDV ε  LH WKH
DPRXQWRISRVLWLYHGDWDRQDWDUJHWDJHQWWKDWWKHZLWQHVVLQWHQGHGWRKLGH
HLVWKHQXPEHURIUHSRUWHGHZKHUHWKHUHVXOWRIWKHO\LQJIXQFWLRQZDVH
SLVDQHVWLPDWLRQE\GHFLVLRQPDNHURIWKHSDUDPHWHULQWKHZLWQHVVHVO\LQJIXQFWLRQ7KLVLV
HLWKHUWKHUHVXOWRIHYDOXDWLRQRILWVRZQREVHUYDWLRQVRUWKHUHVXOWRIDSUHYLRXVDSSOL
FDWLRQRIWKLVDOJRULWKP
%\XVLQJ WKHIRUPXOD IRUELQRPLDOGLVWULEXWLRQV LW IROORZVGLUHFWO\ IURP WKLVPRGHO WKDW WKH
SUREDELOLW\IRUWKHHYHQWWKDWWKHZLWQHVVKDVOLHGNWLPHVLIZHUHSODFHQE\k + e LV
P(T = k) =
(k + e)!
k!e!
(1− p)k p e
1RZZHFDQLQIHUZKDWWKHH[SHFWDWLRQYDOXHLVLHKRZRIWHQFDQZHH[SHFWGLGWKHZLWQHVV
OLH:HQHHGWRGLVWLQJXLVKWZRFDVHV
&DVH e > 0 : ,IWKHZLWQHVVUHSRUWHGRQVRPHH LW IROORZVGLUHFWO\WKDWWKHH[SHFWDWLRQYDOXH
(;LV
EX = k
k + e
k
 
  
 
  (1− p)
k
k =0
n
∑ pe = (k + e) p
$VVXPLQJWKDWWKHZLWQHVVKDVOLHGNWLPHV EX = k WKLVGHWHUPLQHVWKDW k =
ep
1− p
7KXVZH
KDYHDQDSSUR[LPDWLRQRIWKHQXPEHURIWLPHVWKHZLWQHVVKDVEHWUD\HGE\OHDYLQJRXWLQIRUPD
WLRQ LQ WKHFDVH WKDW LW UHSRUWVRI DW OHDVWRQHSRVLWLYH LQIRUPDWLRQ1RZZH WDNH D ORRN DW WKH
PRUHGLIILFXOW FDVH WKDW WKHZLWQHVV UHSRUWVRQ]HURSRVLWLYH LQIRUPDWLRQ7KLVZLOO RFFXU LI WKH
ZLWQHVVOLHVYHU\RIWHQLWVSLVODUJHRULILWKDVRQO\YHU\IHZSRVLWLYHLQIRUPDWLRQRQWKHWDUJHW
DJHQW,QDQ\FDVHZHZRXOGOLNHWRLQIHUVRPHWKLQJIURPLWVWHVWLPRQ\
&DVH e = 0   ,IZHDSSO\ e = 0  WR WKHELQRPLDOGLVWULEXWLRQHTXDWLRQZHJHW P(T = k) = p
k 
1RZZHQHHGWRFDOFXODWHWKHH[SHFWDWLRQYDOXHRIWKLVIXQFWLRQ:HZLOOGRWKLVE\GHWHUPLQLQJ
WKHYDOXH(IRUNZKHUHWKHDUHDEHQHDWKWKHFXUYHRIWKHIXQFWLRQOHIWRI(HTXDOVKDOIWKHZKROH
DUHDEHQHDWKWKHIXQFWLRQ,QPDWKHPDWLFDOWHUPVWKLVPHDQVWKDWWKHH[SHFWDWLRQYDOXH(IRUNLV



S
 

∞∫ dk = pk
0
E∫ dk ⇒ k = ln 12ln p 
$VZHNQRZQRZKRZWRGHWHUPLQHWKHDPRXQWRIKLGGHQLQIRUPDWLRQZHFDQILOOLQWKHGDWD
LQWKH ODVWFROXPQRI)LJXUH LHZHFDQQRZFRPSOHWHWKHWDEOHE\WKHQXPEHURI HWKDWDUH
PLVVLQJIRUHDFKZLWQHVV+RZHYHUZHVWLOOGRQRWNQRZKRZWRPHUJHWKLVGDWDIRUDQXPEHURI
ZLWQHVVHV:HFRXOGPDNHDVVXPSWLRQVHJDVVXPHWKDWWKHXQUHSRUWHGHKDYHEHHQREVHUYHGLQ
FRPSOHWHO\GLVMXQFWVHWVRIJDPHV2UDVVXPHWKDWWKH\KDYHEHHQDVVXPHGLQDOOWKHVDPHJDPHV

2UZHFRXOGWDNHWKHDYHUDJHRIWKHXQUHSRUWHGH$VZHKDYHDUJXHGEHIRUHLWLVQRWDFFHSWDEOHWR
QHJOHFWWKHSRVVLEOHEXWQRWQHFHVVDULO\JLYHQGHSHQGHQFHRIWKHGDWDRIWKHZLWQHVVHVVHH6HF
WLRQ:HIHHOWKDWWKHIROORZLQJKHXULVWLFLVPRUHUHDVRQDEOH
:HDVVXPHWKDWLIZHORRNDWDOOWKHGDWDLQWKHUHSRUWHGWXSOHVZHILQGWKDWLWLVGLVWULEXWHG
E\UDQGRPMXVWDVZHOODVWKHGDWDIRUWKHXQUHSRUWHGSDUWRIWKHWXSOH:HFRQFOXGHWKDWWKHGLV
WULEXWLRQ RI WKH XQUHSRUWHG H ZLOO EH VLPLODU WR WKH GLVWULEXWLRQ RI WKH XQUHSRUWHG H ,Q
PDWKHPDWLFDOWHUPVWKLVPHDQVWKDWWKHGHQVLW\RIWKHGDWDWKHUHODWLRQRIWKHRYHUODSSLQJRIWKH
GDWD LQ WKH WXSOHV LV FRQVWDQW IRU WKH UHSRUWHGDQG WKHXQUHSRUWHGGDWD7KHGHQVLW\RI WKH UH
SRUWHGGDWDLVRQO\GHSHQGLQJRQNQRZQYDULDEOHV7KHQXPEHURIZLWQHVVHVLVNQRZQDVZHOODV
WKHWRWDOQXPEHURIDOOUHSRUWHGHQWULHVLQDOOWXSOHV$OVRZHFDQGHWHUPLQHWKHOHQJWKRIWKHUH
VXOWWXSOH7KLVZLOOJLYHXVWKHGHQVLW\ZLWKWKHIROORZLQJHTXDWLRQ

GHQVLW\ =
matrixEntries
witnesses
length of tuple
$VVXPLQJWKDWWKHGHQVLW\LVWKHVDPHLQWKHXQUHSRUWHGGDWDWKHGHQVLW\ZLOOGHWHUPLQHWKH
OHQJWKRIWKHWXSOHWKDWKDVWREHDGGHGWRWKHDOUHDG\H[LVWLQJUHVXOWWXSOH:HNQRZMXGJLQJIURP
WKHPRWLYHVRI WKHZLWQHVVHV WKDWZH FDQ ILOO XS WKLV DGGLWLRQDO VSDFHZLWKSRVLWLYHGDWDRQ WKH
WDUJHWDJHQW:HDOUHDG\NQRZWKHQXPEHURIDJHQWVDQGXVLQJWKHDERYHHTXDWLRQVZHFDQGHWHU
PLQHWKHWRWDOQXPEHURIWKHWXSOHHQWULHVWKDWH[SHFWHGWREHKLGGHQE\WKHZLWQHVVHV

GHQVLW\ =
hiddenEntries
witnesses
additionalTupleLength
8VLQJWKHGHQVLW\HTXDWLRQIRUWKHUHSRUWHGGDWD WKLVJLYHVXVDQHTXDWLRQWRGHWHUPLQHWKH
DGGLWLRQDOOHQJWKRIWKHUHVXOWWXSOH

DGGLWLRQDO7XSOH/HQJWK =
hiddenEntries
agents
density
:HQRZKDYHDUHDVRQDEOHDSSUR[LPDWLRQRIZKDWWKHZLWQHVVHVWULHGWRKLGHIURPWKHGHFL
VLRQPDNHUXQIRUWXQDWHO\ZHGRQRWKDYHWKHVSDFHLQWKLVSDSHUWRGHPRQVWUDWHDQH[DPSOHRI
WKLVFDOFXODWLRQ:HKRSH WKDW WKHUHVXOWVZLOOEHFRQYLQFLQJ WR WKHUHDGHUDQGFUHDWH LQWHUHVW LQ
IXUWKHUUHDGLQJ7KLVDSSUR[LPDWLRQZLOOKRZHYHUUHWXUQRQO\JRRGYDOXHV LI WKHHVWLPDWLRQRI
WKHKRQHVW\RI WKHZLWQHVV LV JRRG 6R WKHRYHUDOO SHUIRUPDQFHRI WKLV FDOFXODWLRQZLOO LQFUHDVH
ZLWKWKHDPRXQWRIGDWDWKDWLVDYDLODEOHWRWKHGHFLVLRQPDNHUZKLFKVWLOOLVDUHDVRQDEOHEHKDY
LRXUIRUWKHDOJRULWKP
2QHRI WKHDGYDQWDJHVRI WKLVSURFHGXUH LV WKDWZHGRQRW WU\ WRSURSDJDWHZHLJKWVRQ WKH
WUXVWDELOLW\RIZLWQHVVHVWKURXJKWKHQHWEXW UHFRQVWUXFW IRUHYHU\PHUJHRI LQIRUPDWLRQDQDS
SUR[LPDWLRQ RIZKDW WKHZLWQHVVHVZRXOG KDYH VDLG LI WKH\ KDG EHHQ FRPSOHWHO\ KRQHVW DERXW
WKHLULQIRUPDWLRQ
 3UHOLPLQDU\5HVXOWV
,QWKLVVHFWLRQZHSUHVHQWRQHVHWRIGDWDWKDWZHKDYHFROOHFWHGIURPD-DYD
 
 LPSOHPHQWD
WLRQRIWKH7UXVW1HWDQGWKHJDPHSURWRFROLQWURGXFHGLQ6HFWLRQ7KHH[SHULPHQWVIRUWKLV
UHVHDUFKKDYHEHHQFRQGXFWHGE\XVLQJWKH6RFLDO,QWHUDFWLRQ)UDPHZRUN6FKLOORHWDO
7KH H[DPSOHZH EULHIO\ GHVFULEH KHUH XVHG WKH IROORZLQJ SDUDPHWHUV:H KDG DJHQWV ZLWK
WKUHHGLIIHUHQWYDOXHVIRUKRQHVW\DQGDQGWKHVDPHWKUHHGLIIHUHQWYDOXHVIRUWKHLU
DOWUXLVP$OOFRPELQDWLRQVRISDUDPHWHUVZHUHHDFKUHSUHVHQWHGE\WKUHHDJHQWVZLWKWKHDELOLW\WR
XVH WKH7UXVW1HWDQG WKUHHZLWK MXVWXVLQJ WKHLURZQREVHUYDWLRQV WKH ODWWHU VHUYHGDV D FRQWURO
JURXS7KLVDGGVXSWRDJHQWVLQWRWDO$OODJHQWVZHUHDOORZHGWRREVHUYHRWKHUDJHQWVGXULQJ
WKHJDPHSKDVHWKLVLVDERXWRIWKHSRSXODWLRQ7KHDJHQWVZLWKWKH7UXVW1HWZHUHDOORZHG

WRUHTXHVWLQIRUPDWLRQIURPDJHQWVDERXWRQHIRXUWKRIWKHSRSXODWLRQLQWKHSDUWQHUVHOHF
WLRQSKDVH
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)LJXUH([DPSOHGDWDIURPFRQGXFWHGH[SHULPHQWV
)RUHOLJLELOLW\ZHKDYHLQFOXGHGLQ)LJXUHRQO\WKHWKUHHPRVW LQWHUHVWLQJJURXSVRIDJHQWV
IURPWKHGDWD$VWKHUHDGHUFDQVHHWKHJURXSRIWKHDJHQWVZLWKDOWUXLVPYDOXHUHIHUUHGWR
DVJURXSZHUHPRVWVXFFHVVIXOLQWKHILUVWIHZURXQGV7KLVLVGXHWRWKHLUFRQVWDQWLQWHQWLRQWR
EHWUD\RWKHUVDQGWKHDOWUXLVWVKDYLQJQRWHQRXJKH[SHULHQFHWREHZDUQHGRIWKHLUEHKDYLRXU7KH
QLQHDJHQWVZLWKDOWUXLVPYDOXHWKDWXVHGWKH7UXVW1HWJURXSQHHGHGDSSUR[LPDWHO\VL[
WHHQJDPHVWRILQGRXWZLWKZKRPWKH\FDQSOD\LIWKH\ZDQWWRPD[LPLVHWKHLUSURILWDQGUHGXFH
WKHULVNRIEHLQJEHWUD\HG$OWKRXJKWKHFRQWUROJURXSJURXSXVHGDOO WKHREVHUYDWLRQV WKH\
PDGHWRDFKLHYHWKHVDPHNQRZOHGJHWKHODFNRIWKH7UXVW1HWFDXVHGWKHPWRWDNHDERXWHLJKW
URXQGVPRUHWKDQJURXSWRRYHUWDNHWKHHJRLVWV7KHLQWHUSUHWDWLRQRIWKHSHUIRUPDQFHRIWKH
JURXSVLVVXSSRUWHGE\GDWDIURPRWKHUH[SHULPHQWV
:HKDYHDOVRFRQGXFWHGH[SHULPHQWVZLWKDVLPLODUFRQILJXUDWLRQRIWKHDJHQWVRFLHW\EXWDO
ORZLQJ WKH DJHQWV PRUH REVHUYDWLRQ  DQG  RI WKH SOD\HUV ,Q WKLV FDVH WKHUH LV D
WHQGHQF\WKDWWKHFRQWUROJURXSVSHUIRUPEHWWHUFRPSDUHGWRWKHJURXSVZLWK7UXVW1HW:HH[
SODLQ WKLVE\ WKHELJJHU DPRXQWRI LQIRUPDWLRQ WKDW FDQEHREVHUYHGGLUHFWO\ VR WKDW XVLQJ WKH
7UXVW1HWKDVDVPDOOHUHIIHFW
 &RQFOXVLRQ
 6XPPDU\
:HSUHVHQWHGDQDSSURDFKWRPDNHDJHQWVUHFRJQLVHEHQHILFLDOFRQWUDFWSDUWQHUVE\OLWWOHRE
VHUYDWLRQDQGWKHXVHRIZLWQHVVHV,QRXUDSSURDFKWKHDJHQWVFDQGHDOZLWKO\LQJZLWQHVVHVDQG
LPSHUIHFWREVHUYDWLRQGDWDE\DSSO\LQJDQDOJRULWKPWKDWLVEDVHGRQSUREDELOLVWLFUHDVRQLQJ7KLV
DOJRULWKPKDV EHHQ GHVFULEHG DQGPRGHOOHGZLWK VRFLRORJLFDO DQG SV\FKRORJLFDO WHUPLQRORJ\ WR
LPSURYH FRUUHODWLRQV EHWZHHQ VLPXODWLRQ DQG UHDOZRUOG DSSOLFDWLRQ ,W LV DSSOLFDEOH WR HOHFWURQLF
FRPPHUFHDVZHOODVWKHSUREOHPRIGLVWLQJXLVKLQJEHWZHHQIULHQGO\DQGPDOLFLRXVKRVWVRUPLJUDW
LQJSURJUDPV
7KHSUHOLPLQDU\UHVXOWVVKRZWKDWXVLQJWKH7UXVW1HWLVRIDGYDQWDJHWRWKHDJHQWVLQDUDQJH
RIVHWWLQJV,QVRPHH[SHULPHQWVDJHQWVXVLQJWKH7UXVW1HWKDYHSHUIRUPHGDIWHURQO\LQWHU
DFWLRQVLQDSRSXODWLRQRIDJHQWVEHWWHUWKDQDJHQWVIURPDFRQWUROJURXS7KHUHVXOWVDOVR

VKRZWKDWWKHXVHRIRXUDSSURDFKZLOOEHHVSHFLDOO\EHQHILFLDOLIWKHQXPEHURIDJHQWVREVHUYHGLV
VPDOODQGRUWKHWRWDOQXPEHURIDJHQWVLVODUJH
 )XWXUH:RUN
:KLOHWKLVSDSHULVEHLQJFRPSLOHGZHDUHFRQGXFWLQJH[SHULPHQWVLQWKHVDPHVHWWLQJVZLWK
GLIIHUHQWFRQILJXUDWLRQVWRFROOHFWPRUHGDWD7KHXSFRPLQJUHVXOWVZLOOKHOSXVWRSLQGRZQXQ
GHUZKLFK FLUFXPVWDQFHVXVLQJ WKH7UXVW1HWZLOO LQFUHDVHSHUIRUPDQFH DQG WRZKDW H[WHQW:H
ZLOOH[WHQGRXUUHVHDUFKWRVHWWLQJVZHUHWKHSD\RIIPDWUL[IRUWKHJDPHFKDQJHVRYHUWLPH:H
DUHDOVRLQWHUHVWHGLQUHVHDUFKLQJWKHIRUPLQJRIFRDOLWLRQVLQFKDQJHVRIWKHEHKDYLRXURYHUWLPH
DQGHVSHFLDOO\LQPRUHFRPSOH[IRUPVRIO\LQJWKDWDUHJXLGHGE\VWUDWHJLHV
9DU\LQJWKHUDWLRRIHJRLVWVDQGDOWUXLVWVOHDGVWRGLIIHUHQWGLVWULEXWLRQFXUYHVRQWKHDJHQWVR
FLHW\ VWUXFWXUH 5HVHDUFKLQJ WKH HIIHFWV RI WKH 7UXVW1HW LQ VXFK GLIIHUHQW VRFLHW\ VWUXFWXUHV LV
DQRWKHULQWHUHVWLQJFKDOOHQJH
$FNQRZOHGJHPHQWV
0LFKDHO6FKLOORZRXOGOLNHWRWKDQN-HVVLFD6HLEHUWIRUKHUSDWLHQFHDQGVXSSRUWZKLOHWKLVUH
VHDUFKKDVEHHQFDUULHGRXW
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